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6RFNH\H�VDOPRQ�2QFRUK\QFKXV�QHUND�VPROW�SRSXODWLRQV�DUH�HVWLPDWHG�LQ�WKH�:HVWZDUG�5HJLRQWR�DVVLVW�ZLWK�PDQDJHPHQW�RI�FRPPHUFLDO� ILVKHULHV��0RVW� VPROW�SRSXODWLRQ�HVWLPDWHV�DUH�PDGHXVLQJ�PDUN�UHFDSWXUH� H[SHULPHQWV� WKDW� XVH� D� µVLQJOH�VLWH¶� GHVLJQ�� 6LQJOH�VLWH� GHVLJQV� UHO\� RQ� DVLQJOH� WUDS� WR� FDSWXUH� DQG� UHFDSWXUH� VPROWV�� VPROWV� DUH� FDXJKW� LQ� D� WUDS�� WUDQVSRUWHG� XSVWUHDP�G\HG�� DQG� UHOHDVHG� LQWR� WKH� VWUHDP�� 7KH� QXPEHU� RI� UHFDSWXUHG�PDUNHG� ILVK� FDXJKW� LQ� WKH� WUDSSURYLGHV�DQ�HVWLPDWH�RI�WKH�FDSWXUH�SUREDELOLW\��L�H���WUDS�HIILFLHQF\���3UHYLRXV�UHSRUWV�XVLQJ�WKLVGHVLJQ�ZHUH�FULWLFL]HG�EHFDXVH�WKH�ILVK�XVHG�WR�WHVW�WKH�FDSWXUH�SUREDELOLW\�RI�WKH�WUDS�ZHUH�FDXJKWE\� WKH� WUDS�� 7KLV� PDUN�UHFDSWXUH� GHVLJQ� FRXOG� EH� D� SUREOHP� LI� WKH� WUDS� LV� VHOHFWLYH� DQGFRQVLVWHQWO\� PLVVHV� D� SRUWLRQ� RI� WKH� HPLJUDWLQJ� VPROW� SRSXODWLRQ� �XQHTXDO� YXOQHUDELOLW\��� IRUH[DPSOH��ODUJHU�VPROW�PD\�EH�DEOH�WR�DYRLG�VRPH�WUDSV��8QHTXDO�YXOQHUDELOLW\�WR�WKH�WUDS�ZRXOGFDXVH�DQ�XQGHUHVWLPDWH�RI�WKH�VPROW�SRSXODWLRQ�EHFDXVH�D�SRUWLRQ�RI�WKH�HPLJUDWLQJ�SRSXODWLRQ�LVQRW� LQFOXGHG� LQ� WKH� HVWLPDWH�� ,Q� ����� DQG� ������ D�PDUN�UHFDSWXUH� SURMHFW�ZDV� LPSOHPHQWHG� DW$NDOXUD� &UHHN� WR� HVWLPDWH� WKH� VRFNH\H� VDOPRQ� VPROW� SRSXODWLRQ�� $� VHSDUDWH� ZHLU� ZDV� DOVRLQVWDOOHG� WR� FRXQW� DOO� RI� WKH� HPLJUDWLQJ� VPROWV�� 7KHVH� FRXQWV� ZHUH� FRPSDUHG� WR� WKH� PDUN�UHFDSWXUH�HVWLPDWH��+DQGOLQJ�PRUWDOLW\�ZDV�UHFRUGHG�GXULQJ� WKH�PDUN�UHFDSWXUH�H[SHULPHQWV��$VHFRQG�VHW�RI�H[SHULPHQWV�ZDV�SHUIRUPHG�WR�HVWLPDWH�WKH�GHOD\HG�PRUWDOLW\�RI�PDUNHG�VPROWV��,Q�����DQG������� VPROW� SRSXODWLRQ� HVWLPDWHV�� EDVHG�RQ�PDUN�UHFDSWXUH� H[SHULPHQWV��ZHUH� ODUJHUWKDQ� WKH� FRXQWV� IURP� WKH� ZHLU�� 7KHVH� RYHUHVWLPDWHV� RI� WKH� VPROW� SRSXODWLRQV� VXJJHVW� WKDW� WKHRULJLQDO�FULWLFLVP�RI�XQHTXDO�YXOQHUDELOLW\�ZDV�LQFRUUHFW��7KH�PRVW�DSSDUHQW�SUREOHP�DVVRFLDWHGZLWK� WKH� PDUN�UHFDSWXUH� H[SHULPHQWV� ZDV� WKH� ODUJH� SURSRUWLRQ� RI� PDUNV� WKDW� ZHUH� QHYHUUHFRYHUHG�DW� WKH� WUDS�RU�ZHLU�HYHQ�DIWHU�DFFRXQWLQJ�IRU�GHOD\HG�PRUWDOLW\��/RVW�PDUNV� FDXVH� DQXQGHUHVWLPDWH�RI� WKH�FDSWXUH�SUREDELOLW\�DQG�DQ�RYHUHVWLPDWH�RI� WKH� VPROW�SRSXODWLRQ�� ,Q������WKH� HVWLPDWH� ZDV� ���� ���������� ���� &�,�� �������� ±� ��������� KLJKHU� WKDQ� WKH� ZHLU� FRXQW�����������,Q�������WKH�HVWLPDWH�ZDV������������������&�,����������±����������KLJKHU�WKDQ�WKHZHLU�FRXQW���������
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6RFNH\H�VDOPRQ�2QFRUK\QFKXV�QHUND�KDYH�EHHQ�GRFXPHQWHG� LQ����V\VWHPV�ZLWKLQ� WKH�.RGLDN0DQDJHPHQW� $UHD� �.0$�� %UHQQDQ� ������� 6RFNH\H� VDOPRQ� UXQV� VXSSRUW� ODUJH� FRPPHUFLDO�VSRUW�� DQG� VXEVLVWHQFH� ILVKHULHV� ZLWKLQ� WKH� .0$�� ZLWK� FRPPHUFLDO� H[YHVVHO� YDOXHV� DYHUDJLQJ�����PLOOLRQ�GROODUV��%UHQQDQ�������
3RSXODWLRQ� HVWLPDWHV� RI� VRFNH\H� VDOPRQ� VPROWV� DUH� DQ� LPSRUWDQW� FRPSRQHQW� IRU� PDQDJLQJILVKHULHV�� $EXQGDQFH� HVWLPDWHV� RI� WKH� VPROWLQJ� FRKRUW� DLG� LQ� IRUHFDVWLQJ� UHFUXLWPHQW� WR� WKHFRPPHUFLDO� ILVKHU\� �3DXOXV� DQG� 3DUNHU� ������&UDZIRUG� DQG�&URVV� ������� 6PROW� HVWLPDWHV� DUHDOVR� XVHG� WR� DVVHVV� PDULQH� VXUYLYDO� �.RHQLQJV� HW� DO�� ������ DQG� WR� GHYHORS� HVFDSHPHQW� JRDOV�.\OH�HW�DO��������&RJJLQV�DQG�6DJDONLQ�������
,Q�RUGHU� WR�HVWLPDWH�WKH�DEXQGDQFH�RI�VPROWV�� WKH\�KDYH� WR�EH�FDSWXUHG�GXULQJ� WKHLU�HPLJUDWLRQDQG�WKH�SURSRUWLRQ�FDSWXUHG�KDV�EH�NQRZQ�RU�HVWLPDWHG��6PROWV�DUH�GLIILFXOW� WR�FDSWXUH�EHFDXVHWKH\�PLJUDWH�LQ�ODUJH�QXPEHUV�DW�QLJKW�GXULQJ�WKH�VSULQJ�ZKHQ�KLJK��YDULDEOH�VWUHDP�IORZV�IURPVSULQJ�VQRZPHOW�FDQ�EH�SUREOHPDWLF�IRU�WUDSV��0HWKRGV�XVHG�WR�FDSWXUH�VPROWV�LQFOXGH�WUDSSLQJZLWK� I\NH� QHWV��ZHLUV� �&RJJLQV� DQG�6DJDONLQ� ������� FRXQWLQJ� IHQFHV� �'HPSVRQ� DQG� 6WDQVEXU\�������VFUHZ�WUDSV��.HQQHQ�HW�DO��������7KHGLQJD�HW�DO���������LQFOLQH�SODQH�WUDSV��6HHOEDFK�HW�DO�������'XERLV�HW�DO��������7RGG��������DQG�&DQDGLDQ�IDQ�WUDSV��*LQHW]��������6PROW�SRSXODWLRQHVWLPDWHV� KDYH� EHHQ� JHQHUDWHG� XVLQJ�PHWKRGV� WKDW� GR� QRW� UHTXLUH� VPROW� FDSWXUH�� IRU� H[DPSOH�K\GURDFRXVWLFV� �0RRUH� DQG� 3RWWHU� ������ DQG� FDPHUD� REVHUYDWLRQV� �&RXVHQV� HW� DO�� ������+RZHYHU��IRU�PRVW�V\VWHPV�LQ�WKH�.0$�SRSXODWLRQ�HVWLPDWHV�UHTXLUH�PDUN�UHFDSWXUH�WHFKQLTXHVWR�HVWLPDWH�FDSWXUH�SUREDELOLW\��6DJDONLQ�������:KDOHQ�HW�DO��������GXH�WR�KLJK�VPROW�DEXQGDQFHDQG�UHPRWH�ORFDWLRQV��ORJLVWLFDO�SUREOHPV�H�J���SRZHU�VXSSO\�IRU�FDPHUDV��
,Q� WKH�.0$�� VRFNH\H� VDOPRQ� VPROW� HQXPHUDWLRQ� SURMHFWV� KDYH� EHHQ� FRQGXFWHG� E\� WKH�$ODVND'HSDUWPHQW� RI� )LVK� DQG� *DPH� �$')	*�� DW� WKH� RXWOHW� FUHHNV� RI� 6SLULGRQ� �+RQQROG� ������0DOLQD��6FKURI�HW�DO���������)UD]HU��6DJDONLQ��������$NDOXUD��&RJJLQV�DQG�6DJDONLQ��������5HG�&RJJLQV� ������� 2OJD� �%DUUHWW� HW� DO�� ����D�E��� DQG� .DUOXN� /DNHV� �6FKURI� HW� DO�� ������� 7KHPDMRULW\�RI�WKHVH�SURMHFWV�UHOLHG�RQ�PDUN�UHFDSWXUH�WHFKQLTXHV�WR�HVWLPDWH�WKH�FDSWXUH�SUREDELOLW\RI� WKH� WUDS�� ZKLFK� ZDV� XVHG� WR� HVWLPDWH� WKH� WRWDO� HPLJUDWLQJ� VPROW� SRSXODWLRQ�� 7KH� FDSWXUHSUREDELOLW\� ZDV� HVWLPDWHG� XVLQJ� D� GHULYDWLYH� RI� WKH� &KDSPDQ� 0RGLILFDWLRQ� �&KDSPDQ� �����5LFNHU�������&DUOVRQ�HW�DO��������
3UREOHPV�LQKHUHQW�LQ�YDULRXV�FDSWXUH�PHWKRGV�IRU�VPROWV�LQFOXGH�YDULDELOLW\�LQ�JHDU�HIILFLHQF\�DWKLJK� DQG� ORZ� IORZV��GHEULV� ORDGLQJ� RI� QHWV� DQG� VFUHHQV�� WUDS� DYRLGDQFH� E\� VPROWV� �.LQJ� HW� DO������D�E���DQG�PRUWDOLW\�DVVRFLDWHG�ZLWK�KDQGOLQJ�VWUHVV�DQG�JHDU�GHVLJQ��6HEHU��������$')	*SURMHFWV� LQ� WKH�.0$�UHO\�RQ� D� VLQJOH� FDSWXUH�UHFDSWXUH� VLWH�GHVLJQ�GHVFULEHG�E\�&DUOVRQ� HW� DO���������$�SRUWLRQ�RI� WKH� HPLJUDWLQJ� VPROWV� DUH� FDXJKW� LQ� D� WUDS�� WUDQVSRUWHG�XSVWUHDP��PDUNHGZLWK� G\H�� DQG� UHOHDVHG� LQWR� WKH� VWUHDP�� 5HFDSWXUHG� PDUNHG� ILVK� DUH� FRXQWHG� DW� WKH� WUDS� DQGUHOHDVHG� GRZQVWUHDP��0DUNLQJ� HYHQWV� DUH� UHSHDWHG� �VWUDWLILHG� E\� WLPH� SHULRGV�� WKURXJKRXW� WKHVHDVRQ��7KH�UHFRYHU\�UDWH�RI�PDUNHG�VPROWV�DQG�WKH�WRWDO�QXPEHU�RI�GRZQVWUHDP�FDSWXUHV�LQ�HDFKVWUDWXP�DUH�XVHG�WR�HVWLPDWH�WKH�VL]H�RI�WKH�VPROW�SRSXODWLRQ�HPLJUDWLQJ�GXULQJ�HDFK�WLPH�SHULRG�&DUOVRQ� HW� DO�� ������� 7KH� WRWDO� VPROW� SRSXODWLRQ� LV� WKHQ� HVWLPDWHG� E\� VXPPLQJ� DFURVV� VWUDWD�
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6LQJOH�VLWH� PHWKRGV� DUH� SUHIHUUHG� EHFDXVH� WKH\� ���� UHGXFH� KDQGOLQJ� RI� VPROW� FRPSDUHG� WRPXOWLSOH�FDSWXUH�HYHQWV������RQO\�UHTXLUH�PDLQWHQDQFH�DQG�RSHUDWLRQ�RI�RQH�WUDS��DQG�����UHTXLUHIHZHU� SHUVRQQHO�� 6WUDWLILFDWLRQ� E\� WLPH� SHULRGV� LV� LQWHQGHG� WR� DFFRXQW� IRU� GLIIHUHQFHV� LQFDWFKDELOLW\�RI�VPROW�DPRQJ�VWUDWD�GXH�WR�FKDQJHV�LQ�ULYHU�FRQGLWLRQV�RU�VPROW�EHKDYLRU�
$�UHYLHZ�RI�D�PDUN�UHFDSWXUH�SURMHFW�DW�$NDOXUD�/DNH��&RJJLQV�DQG�6DJDONLQ������� VXJJHVWHGWKDW� VRPH�PHWKRGV�PD\�KDYH� UHVXOWHG� LQ�ELDVHG� HVWLPDWHV� �$SSHQGL[�$���7KH� UHYLHZHU� DUJXHGWKDW�³WKH�YXOQHUDELOLW\�RI�WKH�SRSXODWLRQ�DW�ODUJH�WR�WKH�WUDS�FDQQRW�EH�GHWHUPLQHG�E\�WKLV�PHWKRG>VLQJOH� FDSWXUH�UHFDSWXUH� VLWH@� ´� EHFDXVH� WKH� ILVK� XVHG� WR� WHVW� WKH� HIILFLHQF\� RI� WKH� WUDS� ZHUHSUHYLRXVO\�FDXJKW�E\�WKH�WUDS��,I�WKHUH�ZDV�D�VHJPHQW�RI�WKH�SRSXODWLRQ�WKDW�ZDV�DYRLGLQJ�D�WUDS�WKHQ�WKH�HVWLPDWHV�ZRXOG�EH�ELDVHG�
7KH�REMHFWLYHV�RI�WKLV�VWXG\�ZHUH�WR�����FRXQW�HPLJUDWLQJ�VRFNH\H�VDOPRQ�VPROW�WKURXJK�D�ZHLU�����HVWLPDWH�HPLJUDWLQJ�VRFNH\H�VDOPRQ�VPROW�XVLQJ�FDSWXUH�SUREDELOLWLHV�DQG�WKH�VLQJOH�FDSWXUH�UHFDSWXUH�GHVLJQ��DQG������FRPSDUH�QXPEHUV�RI�VRFNH\H�VDOPRQ�VPROW�FRXQWHG�IURP�WKH�ZHLU�WRHVWLPDWHV�FDOFXODWHG�IURP�WKH�PDUN�UHFDSWXUH�H[SHULPHQW��7KH�SXUSRVH�RI�WKLV�UHSRUW�LV�WR�LGHQWLI\ZKHWKHU�ELDVHV�H[LVW�LQ�WKH�PDUN�UHFDSWXUH�HVWLPDWHV�DQG�WKH�GLUHFWLRQ�RI�WKH�ELDV�

0(7+2'6

'HVFULSWLRQ�RI�6WXG\�$UHD
$NDOXUD�/DNH��������¶�1�ODW����������¶�:�ORQJ���LV�ORFDWHG�����NP�VRXWK�RI�5HG�/DNH�RQ�.RGLDN,VODQG��)LJXUH�����7KH�ODNH�LV�FRPSRVHG�RI�D�QRUWK�VRXWK�DUP������NP�ORQJ������ZLGH��DQG�DQ�HDVW�ZHVW�DUP�����NP�ORQJ�DQG�����NP�ZLGH��7KH�ODNH�VXUIDFH�DUHD�LV�����NP���DQG�WKH�ODNH�KDV�D�PHDQGHSWK�RI�����P��+RQQROG�������6FKURI�HW�DO��������

2YHUYLHZ�RI�6DPSOLQJ�'HVLJQ
)URP������WR�������VPROWV�ZHUH�FDXJKW�XVLQJ�WZR�&DQDGLDQ�IDQ�WUDSV��)LJXUH�����7KH�ILUVW�WUDS
�7UDS�$��ZDV�RULHQWHG�FORVH�WR�WKH�HDVW�VWUHDP�EDQN�ZLWK�ZLQJV�DW���o�DQJOHV�H[WHQGLQJ�RXWZDUGIURP�WKH�PRXWK�RI�WKH�WUDS��7KH�HDVW�ZLQJ�H[WHQGHG�WR�WKH�VKRUHOLQH��7KH�RXWHU�HGJH�RI�WKH�HDVWZLQJ�WR�WKH�RXWHU�HGJH�RI�WKH�ZHVW�ZLQJ�VSDQQHG�����P��7KH�VHFRQG�WUDS��7UDS�%��ZDV�FORVH�WRWKH�FHQWHU�RI�WKH�FKDQQHO�DQG�GRZQVWUHDP�IURP�7UDS�$���7UDS�%¶V�HDVW�ZLQJ�H[WHQGHG�WR�WKH�WLSRI�WKH�ZHVW�ZLQJ�RI�7UDS�$��IRUPLQJ�DQ�LQYHUWHG�µ9¶����7KH�ZHVW�ZLQJ�RI�7UDS�%�H[WHQGHG�WR�WKHZHVW� VKRUHOLQH�� ,Q������� WKH�GHVLJQ�ZDV�PRGLILHG� VOLJKWO\�� UDWKHU� WKDQ� WKH�ZLQJV� IURP� WKH� WZRWUDSV�WRXFKLQJ��WKH�HDVW�ZLQJ�IURP�7UDS�%�FRQQHFWHG�WR�WKH�EDFN�RI�7UDS�$�
7UDS�$�DQG�7UDS�%� WRJHWKHU�EORFNHG� WKH� HQWLUH� VWUHDP�DQG�DUH� UHIHUUHG� WR� DV� WKH� µVPROW�ZHLU¶�&RXQWV�IURP�WKH�VPROW�ZHLU�ZHUH�FRQVLGHUHG�WRWDO�FRXQWV��&DSWXUH�SUREDELOLW\�ZDV�HVWLPDWHG�IRU7UDS�$�XVLQJ�PDUN�UHFDSWXUH�H[SHULPHQWV��7UDS�%�VDPSOHG�D�ODUJHU�SRUWLRQ�RI�WKH�VWUHDP��a����WKDQ�7UDS�$�
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0DUN�UHFDSWXUH� H[SHULPHQWV� ZHUH� UHSHDWHG� WKURXJKRXW� WKH� VPROW� HPLJUDWLRQ� WR� DFFRXQW� IRUWHPSRUDO� GLIIHUHQFHV� �VWUDWLILFDWLRQ��� *HQHUDOO\�� PDUN�UHFDSWXUH� H[SHULPHQWV� ZHUH� UHSHDWHGZHHNO\��WKXV�HDFK�VWUDWXP�LV�DSSUR[LPDWHO\�RQH�ZHHN�

6PROW�(QXPHUDWLRQ
7UDS� OLYH� ER[HV� ZHUH� LQVSHFWHG� DSSUR[LPDWHO\� HYHU\� ���PLQ� IURP� ����� KRXUV� WR� ����� KRXUVGDLO\�� /LJKW� VRXUFHV� ZHUH� EDWWHU\� KHDGODPSV�� )LVK� FDXJKW� LQ� WKH� WUDS� ZHUH� LGHQWLILHG� XVLQJH[WHUQDO�FKDUDFWHULVWLFV��0F&RQQHOO�DQG�6Q\GHU��������:KHQ�WUDS�FDWFKHV�ZHUH�OHVV�WKDQ�����ILVKSHU����PLQ�LQWHUYDO��WKH�OLYH�ER[�ZDV�LQVSHFWHG�DERXW�RQFH�SHU�KRXU��%DUUHWW�HW�DO������D��E���2QVRPH�QLJKWV��WKH�QXPEHU�RI�VPROWV�FDSWXUHG�ZDV�WRR�ODUJH�WR�FRXQW�HDFK�VPROW�ZLWKRXW�WKH�OLYH�ER[EHFRPLQJ�RYHUFURZGHG�� ,Q� WKHVH� VLWXDWLRQV� WKH� FUHZ�XVHG� D� FDWFK�ZHLJKW�PHWKRG� WR� HVWLPDWH� WKHQXPEHU�RI� VPROWV�FDSWXUHG��)LUVW�� D� VDPSOH�ZDV� WDNHQ� WR�GHWHUPLQH�VSHFLHV�FRXQW�E\�ZHLJKW�� WKLVLQYROYHG�FRXQWLQJ�WKH�QXPEHU�RI�ILVK�E\�VSHFLHV�IURP�D�NQRZQ�DJJUHJDWH�ZHLJKW�REWDLQHG�XVLQJ�DKDQJLQJ� VFDOH�� (YHU\� ��WK� DJJUHJDWH� ZHLJKW� ZDV� VDPSOHG� IRU� VSHFLHV� FRPSRVLWLRQ�� ,I� WKH� FDWFK�ZHLJKW� PHWKRG� ZDV� UHTXLUHG� GXULQJ� D� PDUN�UHFDSWXUH� H[SHULPHQW� DOO� VPROWV� ZHUH� H[DPLQHG� IRUPDUNV�DV�WKH\�ZHUH�SRXUHG�LQWR�WKH�FDWFK�ZHLJKW�KDQJLQJ�VFDOH�

+DQGOLQJ�DQG�'HOD\HG�0RUWDOLW\
,Q������DQG�������VPROW�PRUWDOLW\�ZDV�UHFRUGHG�GXULQJ�WUDQVSRUW��WUDQVSRUW�UHFRYHU\��G\HLQJ��G\HUHFRYHU\�� DQG� WKH� VWUHDP� UHOHDVH� VWDJHV� RI� WKH� SURMHFW�� )RU� WKLV� VWXG\�� ³KDQGOLQJ�PRUWDOLW\´� LVGHILQHG�DV�VPROW�PRUWDOLW\�WKDW�RFFXUUHG�GXULQJ�WKH�PDUNLQJ�SURFHVV��WKLV�PRUWDOLW\�ZDV�GLUHFWO\PHDVXUDEOH�� ,Q� FRQWUDVW�� ³GHOD\HG�PRUWDOLW\´� LV� GHILQHG� DV� WKH� QXPEHU� RI� VPROWV� WKDW� SHULVKHGDIWHU� WKH\�ZHUH� UHOHDVHG�EDFN� LQWR� WKH� VWUHDP�DIWHU�EHLQJ�PDUNHG�� WKLV�PRUWDOLW\�ZDV� HVWLPDWHGXVLQJ�WKH�IROORZLQJ�H[SHULPHQW�
,Q� ������ ���� DGGLWLRQDO� VPROWV� ZHUH� WUDQVSRUWHG� GXULQJ� HDFK� RI� WKH� IRXU� PDUN�UHFDSWXUHH[SHULPHQWV�WR�HYDOXDWH�GHOD\HG�PRUWDOLW\��+DOI�RI�WKH�����KHOG�VPROWV��Q �����ZHUH�PDUNHG�DQGKDOI��Q �����ZHUH�OHIW�XQPDUNHG��DOO�����VPROWV�ZHUH�KHOG�LQ�D�SHUIRUDWHG�OLYH�ER[�DQG�PRQLWRUHGIRU�ILYH�GD\V�IRU�PRUWDOLWLHV��7KLV�H[SHULPHQW�ZDV�XVHG�WR�HYDOXDWH�ZKHWKHU�WKH�WUDQVSRUW�DQG�RUWKH� G\H� FDXVHG� GHOD\HG� VPROW�PRUWDOLW\��'LIIHUHQWLDO�PRUWDOLW\� EHWZHHQ�PDUNHG� DQG� XQPDUNHG
VPROW�ZDV�WHVWHG�LQ������XVLQJ�D�RQH�WDLOHG�W�WHVW�DW�a ������'RZG\�DQG�:HDUGHQ�������
,Q�������WKH�GHOD\HG�PRUWDOLW\�H[SHULPHQW�ZDV�PRGLILHG��$SSUR[LPDWHO\�����RI�WKH�VPROWV�WKDWZHUH� WUDQVSRUWHG� DQG�PDUNHG� IRU� WKH� PDUN�UHFDSWXUH� H[SHULPHQW� ZHUH� UHWDLQHG�� QR� XQPDUNHGVPROWV�ZHUH�KHOG��6PROWV�ZHUH�UHWDLQHG�IRU�ILYH�GD\V�WR�PRQLWRU�GHOD\HG�PRUWDOLW\�
,Q�������GHOD\HG�PRUWDOLW\�HVWLPDWHV�ZHUH�XVHG�WR�DGMXVW�WKH�QXPEHU�RI�PDUNHG�ILVK�UHOHDVHG�WRDFFRXQW� IRU� XQREVHUYHG�PRUWDOLW\��7KHVH� DGMXVWPHQWV�ZHUH� QRW�PDGH� LQ� ����� EHFDXVH� GHOD\HGPRUWDOLW\�H[SHULPHQWV�ZHUH�QRW�GRQH�GXULQJ�HYHU\�PDUN�UHFDSWXUH�HYHQW�
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(VWLPDWLQJ�&DSWXUH�3UREDELOLW\
7KH�SUREDELOLW\�RI�VPROW�FDSWXUH�IRU�7UDS�$�ZDV�HVWLPDWHG�RQ�D�ZHHNO\�EDVLV��$SSUR[LPDWHO\����VPROWV� FDXJKW� LQ�7UDS�$�ZHUH� UHWDLQHG�� WUDQVSRUWHG� �� NP� XSVWUHDP� IURP� WKH� WUDS�� G\HG� XVLQJ%LVPDUN�%URZQ�<�G\H��DQG�UHOHDVHG�LQWR�D�ORZ�YHORFLW\�SDUW�RI�WKH�VWUHDP�������P�VHF��%DUUHWW�HWDO������D��E��6ZDQWRQ�HW�DO��������6ZDQWRQ�HW�DO��������&RJJLQV�DQG�6DJDONLQ��������7KH�PDUN�UHFDSWXUH�H[SHULPHQWV�ZHUH�VFKHGXOHG�VR�WKDW�WKH�UHOHDVH�WLPH�ZDV�DW�DSSUR[LPDWHO\������KRXUV�FRLQFLGLQJ�ZLWK�µQDWXUDO¶�PLJUDWRU\�WLPLQJ��)ROORZLQJ�WKH�UHOHDVH�RI�PDUNHG�ILVK��WKH�VPROW�ZHLUZDV�FKHFNHG�IRU�UHFRYHULHV�IRU�D�PLQLPXP�RI�IRXU�GD\V��0DUNHG�VPROWV�WKDW�ZHUH�UHFRYHUHG�IURP7UDS�$�ZHUH� XVHG� WR� HVWLPDWH� WKH� FDSWXUH� SUREDELOLW\� RI�7UDS�$��7KH� FDSWXUH� SUREDELOLW\�ZDVFDOFXODWHG��5LFNHU�������DV�
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ZKHUHX  UDWH�RI�H[SORLWDWLRQ�RI�WKH�SRSXODWLRQK  VWUDWXP��XVXDOO\���WKURXJKRXW�WKH�VHDVRQ�0K  QXPEHU�RI�PDUNHG�VPROWV�UHOHDVHG�LQ�VWUDWXP�KPK  QXPEHU�RI�PDUNHG�VPROWV�UHFDSWXUHG�LQ�K&  VXP�RI�WUDS�FDWFK�LQ�VWUDWXP�K�
7KH� GDLO\� WUXH� FDSWXUH� SUREDELOLW\� RI� 7UDS� $� ZDV� FDOFXODWHG� DV� WKH� SURSRUWLRQ� RI� WKH� GDLO\QXPEHU�RI�VPROWV�FDXJKW�LQ�7UDS�$�FRPSDUHG�WR�WKH�GDLO\�QXPEHU�RI�VPROWV�FDXJKW�LQ�WKH�VPROW�ZHLU� �L�H��� VXP�RI�7UDS�$�DQG�7UDS�%���7KH� WUXH� FDSWXUH�SUREDELOLW\� IRU� HDFK�VWUDWXP�ZDV� WKHQFDOFXODWHG�DV�WKH�DYHUDJH�RI�WKH�GDLO\�DFWXDO�FDSWXUH�SUREDELOLWLHV��VXP�RI�7UDS�$��VXP�RI�7UDS$	%��� LQ� WKDW� VWUDWXP�� 7KH� WUXH� FDSWXUH� SUREDELOLW\� RI� WKH� WUDS� ZDV� WKHQ� FRPSDUHG� WR� WKHHVWLPDWHG�FDSWXUH�SUREDELOLW\�RI�WKH�WUDS�WR�GHWHUPLQH�LI�WKHUH�ZHUH�ELDVHV�LQ�WKH�HVWLPDWH�
:H� HVWLPDWHG� PDUN� ORVV� E\� FRXQWLQJ� WRWDO� UHFDSWXUHG� VPROWV� IURP� WKH� ZHLU�� 7KH� GLIIHUHQFHEHWZHHQ� UHFDSWXUHG� VPROWV� IURP� WKH� ZHLU� DQG� WKH� QXPEHU� UHOHDVHG� ZDV� DQ� HVWLPDWH� RI� WRWDOPRUWDOLW\� RI� PDUNHG� ILVK� �KDQGOLQJ� DQG� SUHGDWRU��� :H� DVVXPHG� WKH� GLIIHUHQFH� EHWZHHQ� WKHHVWLPDWHG�GHOD\HG�PRUWDOLW\�DQG�WKH�WRWDO�PRUWDOLW\�ZHUH�PDUNHG�ILVK�WKDW�ZHUH�RYHUORRNHG�RU�ORVWWR�SUHGDWLRQ�

3RSXODWLRQ�(VWLPDWHV
7KH�VPROW�SRSXODWLRQ�ZDV�HVWLPDWHG�XVLQJ� WKH�FDSWXUH�SUREDELOLW\�RI�7UDS�$�DQG� WKH� IROORZLQJHVWLPDWRU�
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ZKHUH
K  VWUDWXP��XVXDOO\���WKURXJKRXW�WKH�VHDVRQ�8K  WRWDO�VPROW�SRSXODWLRQ�VL]H�LQ�K��PLQXV�REVHUYHG�PRUWDOLW\XK  WKH�QXPEHU�RI�XQPDUNHG�VPROWV�UHFDSWXUHG�LQ�K0K  QXPEHU�RI�PDUNHG�VPROWV�UHOHDVHG�LQ�VWUDWXP�KPK  QXPEHU�RI�PDUNHG�VPROWV�UHFDSWXUHG�LQ�K7KH�SRSXODWLRQ�HVWLPDWH�ZDV�WKHQ�FRPSDUHG�DJDLQVW�WKH�WRWDO�FRXQW�REWDLQHG�IURP�WKH�VPROW�ZHLU�

&RUUHODWLRQ
,Q�DGGLWLRQ�WR�WKH�EDVLF�FRPSDULVRQ�GHVFULEHG�DERYH��L�H���FRPSDULQJ�HVWLPDWHV�YHUVXV�NQRZQV��3HDUVRQ�FRUUHODWLRQ��'RZG\�DQG�:HDUGHQ�������FRHIILFLHQWV�ZHUH�FDOFXODWHG�IRU�FDWFK��FDSWXUHSUREDELOLW\�� DQG�PRUWDOLW\�ZLWK�RWKHU�PHDVXUHG�YDULDEOHV� �H�J��� WHPSHUDWXUH���7KLV� DQDO\VLV�ZDVXVHG�WR�H[SORUH�FDXVDO�UHODWLRQVKLSV��:H�XVHG�D�FRUUHODWLRQ�FRHIILFLHQW��U��RI������DV�RXU�FULWHULDIRU�ZKHWKHU�D�UHODWLRQVKLS�H[LVWHG�EHWZHHQ�WZR�YDULDEOHV�

5(68/76

+DQGOLQJ�DQG�'HOD\HG�0RUWDOLW\
,Q������DQG�������YHU\�IHZ�VPROWV�ZHUH�ORVW�IURP�KDQGOLQJ�PRUWDOLW\��H[FHSW����0D\������DQG-XQH���������ZKHQ�PRUH�WKDQ����VPROWV�GLHG��7DEOH����� ,Q�ERWK�FDVHV�� DGGLWLRQDO�VWUHVVHV�ZHUHDWWULEXWHG� WR� WKH� ORVVHV�� 'XULQJ� WKH� ����� WHVW�� WRR� PXFK� G\H� ZDV� XVHG�� DQG� LQ� ������ WKHVXSSOHPHQWDO�R[\JHQ�UDQ�RXW�GXULQJ�WKH�G\HLQJ�SURFHVV�
'HOD\HG� PRUWDOLW\� UHVXOWV� LQ� ����� ZHUH� YDULDEOH�� EXW� PDUNHG� ILVK� KDG� KLJKHU� PRUDOLW\� WKDQXQPDUNHG�ILVK��7DEOH�����+LJK�PRUWDOLWLHV�RFFXUUHG�RQ����0D\�FRLQFLGLQJ�ZLWK�WKH����0D\�PDUN�UHFDSWXUH� H[SHULPHQW�� ZKHUH� ��� PDUNHG� VPROWV� GLHG�� EXW� RQO\� ��� RI� WKH� XQPDUNHG� VPROWVSHULVKHG�� :DWHU� WHPSHUDWXUHV� LQFUHDVHG� WKURXJKRXW� WKH� VHDVRQ�� KRZHYHU�� FRUUHODWLRQ� EHWZHHQGHOD\HG�PRUWDOLW\�DQG�ZDWHU�WHPSHUDWXUHV�IRU�HLWKHU�PDUNHG�RU�XQPDUNHG�VPROWV�ZDV�ORZ��7DEOH����:KLOH�PDUNHG� VPROWV� VXIIHUHG�PXFK� KLJKHU�PRUWDOLW\� WKDQ� XQPDUNHG� VPROWV�� WKHUH�ZDV� QRVLJQLILFDQW�GLIIHUHQFH��3 ������7DEOH����EHWZHHQ�WKH�WZR�
'HOD\HG�PRUWDOLW\�UDQJHG�IURP�]HUR�WR�VL[�ILVK�LQ�������7DEOH�����7KH�REVHUYHG�FRQGLWLRQ�RI�WKHVPROW� XSRQ� UHOHDVH� ZDV� DQ� LQGLFDWRU� RI� SRWHQWLDO� VPROW� PRUWDOLW\� ±� VWUHVVHG� ILVK� ZHUH� PRUHVOXJJLVK�XSRQ� UHOHDVH� DQG� UHVXOWHG� LQ�PRUH�PRUWDOLWLHV� LQ� WKH� ILUVW� H[SHULPHQW��7KH� FRUUHODWLRQEHWZHHQ�GHOD\HG�PRUWDOLW\�DQG�ZDWHU�WHPSHUDWXUH�ZDV�YHU\�ORZ��7DEOH����
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&DSWXUH�3UREDELOLW\
,Q�������HVWLPDWHG�FDSWXUH�SUREDELOLWLHV�UDQJHG�IURP�����VWUDWXP����WR������VWUDWXP����7DEOH����7KH� WUXH� FDSWXUH� SUREDELOLWLHV� UDQJHG� IURP� ���� �VWUDWXP� ��� WR� ���� �VWUDWXP� ���� 7UXH� FDSWXUHSUREDELOLWLHV�ZHUH�RXWVLGH�WKH�����FRQILGHQFH�LQWHUYDO�RI�WKH�HVWLPDWHG�FDSWXUH�SUREDELOLWLHV�
,Q�������DIWHU� WUDS�PRGLILFDWLRQ��HVWLPDWHG�FDSWXUH�SUREDELOLWLHV�UDQJHG�IURP�����VWUDWXP���� WR�����VWUDWXP����7DEOH�����7KH� WUXH� FDSWXUH�SUREDELOLWLHV� UDQJHG� IURP����� �VWUDWXP���� WR�����VWUDWXP����� ,Q������� WKUHH�RXW�RI� ILYH� VWUDWD�KDG� FRUUHFWO\� HVWLPDWHG� FDSWXUH�SUREDELOLWLHV��7KHFDSWXUH�SUREDELOLW\�LQ�VWUDWD���ZDV�VXEVWDQWLDOO\�ORZHU�FRPSDUHG�WR�WKH�WUXH�FDSWXUH�SUREDELOLW\�KRZHYHU�� WKH� VPROW� HPLJUDWLRQ� GXULQJ� WKLV� WLPH� SHULRG� ZDV� OHVV� WKDQ� RQH� SHUFHQW� RI� WKH� WRWDOVPROW�HPLJUDWLRQ�,Q������WKHUH�ZDV�D�VWURQJ�FRUUHODWLRQ�EHWZHHQ�WKH�WUDS�FDWFK��7UDS�$��DQG�WKH�HVWLPDWHG�FDSWXUHSUREDELOLW\��U� �������7DEOH���DQG�)LJXUH�����+RZHYHU��WKHUH�ZDV�D�YHU\�ORZ�FRUUHODWLRQ�EHWZHHQWKH�HVWLPDWHG�FDSWXUH�SUREDELOLW\�DQG�WKH�WUXH�FDSWXUH�SUREDELOLW\��U� ��������)LJXUH����� DQG� WKHWUXH�FDSWXUH�SUREDELOLW\�DQG�WKH�WUDS�FDWFK�RI�7UDS�$��U� �������)LJXUH����
,Q�������WKH�FDWFK�ZDV�ZHDNO\�FRUUHODWHG�WR�WKH�HVWLPDWHG�FDSWXUH�SUREDELOLW\��U� �������)LJXUH����+RZHYHU��HVWLPDWHG�FDSWXUH�SUREDELOLW\�ZDV�PRGHUDWHO\�FRUUHODWHG�WR�WKH�WUXH�FDSWXUH�SUREDELOLW\�U� ������DQG�VWUHDP�KHLJKW��U� �������7DEOH���DQG�)LJXUHV���DQG����
7KHUH�ZDV�D�GLVFUHSDQF\�LQ�PRVW�VWUDWD�EHWZHHQ�WKH�WRWDO�QXPEHU�RI�PDUNHG�ILVK�UHOHDVHG�DQG�WKHWRWDO�QXPEHU�FRXQWHG�WKURXJK�WKH�VPROW�ZHLU�LQ������DQG�������7DEOH�����KRZHYHU��WKHUH�ZDV�QRWD�UHODWLRQVKLS��U���������EHWZHHQ�PLVVHG�PDUNV�DQG�VPROW�ZHLU�FRXQWV��)LJXUH����

3RSXODWLRQ�(VWLPDWHV
6LPLODU�SDWWHUQV�RI�FDWFK�RFFXUUHG�IRU�7UDS�$�DV�7UDS�%�LQ������DQG�������KRZHYHU��WKH�SDWWHUQRI�FDWFK�EHWZHHQ�WKH�WZR�WUDSV�ZDV�PRUH�VLPLODU�LQ������WKDQ�LQ�������)LJXUH�����7KH�HVWLPDWHGVPROW�HPLJUDWLRQ�LQ������ZDV��������������&�,����������±����������GXULQJ�WKH�SHULRG�ZKHQ�WKHWUDS�ZDV�LQ�SODFH�FRPSDUHG�WR���������FRXQWHG�WKURXJK�WKH�VPROW�ZHLU�GXULQJ�WKLV�SHULRG��7DEOH����7KH�GLIIHUHQFH�EHWZHHQ�WKH�HVWLPDWH�DQG�WKH�DFWXDO�SRSXODWLRQ�DEXQGDQFH����������ZDV�D����GLVFUHSDQF\��7KH�HVWLPDWHG�VPROW�HPLJUDWLRQ�LQ������ZDV���������EHIRUH�FRUUHFWLQJ�IRU�GHOD\HGPRUWDOLW\��&RUUHFWLQJ� IRU�GHOD\HG�PRUWDOLW\� UHVXOWHG� LQ� D� VPROW� HPLJUDWLRQ� HVWLPDWH� RI� ������������&�,����������±����������GXULQJ�WKH�SHULRG�ZKHQ�WKH�WUDS�ZDV�LQ�SODFH�FRPSDUHG�WR��������FRXQWHG�WKURXJK�WKH�VPROW�ZHLU�GXULQJ�WKLV�SHULRG��7KH�GLIIHUHQFH�EHWZHHQ�WKH�HVWLPDWH�DQG�WKHDFWXDO���������ZDV�D����GLVFUHSDQF\�
,Q� ������ PDUN�UHFDSWXUH� PHWKRGV� XQGHUHVWLPDWHG� WKH� SRSXODWLRQ� �RYHUHVWLPDWLQJ� WKH� FDSWXUHSUREDELOLW\�� RI� WKH� WUDS� LQ� WKH� ILUVW� VWUDWXP�� KRZHYHU�� RYHUHVWLPDWHG� WKH� SRSXODWLRQ� LQ� WKHUHPDLQLQJ�VWUDWD� ������)LJXUH�����7KH� VPROW� SRSXODWLRQ�ZDV� HVWLPDWHG�PRUH� DFFXUDWHO\� LQ�����WKDQ� LQ� ������ DQG� WKH� ZHLU� FRXQW� ZDV� FRQWDLQHG� ZLWKLQ� WKH� ���� &�,�� RI� WKH� HVWLPDWH�� 7KHSRSXODWLRQ� ZDV� HVWLPDWHG� YHU\� FORVH� WR� WKH� DFWXDO� SRSXODWLRQ� LQ� DOO� VWUDWD� H[FHSW� WKH� VHFRQGVWUDWXP�� 7KH� ILUVW� SDUW� RI� WKH� VHFRQG� VWUDWXP� ZDV� RYHUHVWLPDWHG� DQG� WKH� VHFRQG� KDOI� RI� WKHVWUDWXP�ZDV�XQGHUHVWLPDWHG�



�
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7KH� VPROW� SRSXODWLRQ� HVWLPDWH� LQ� ����� RYHUHVWLPDWHG� WKH� VPROW� FRXQW� WKURXJK� WKH� VPROW�ZHLU�ZKLOH�WKH������HVWLPDWH�ZDV�UHDVRQDEO\�DFFXUDWH��L�H���ZLWKLQ�WKH�����&�,���7DEOH�����%RWK�SRLQWHVWLPDWHV� ZHUH� KLJKHU� WKDQ� WKH� WUXH� FRXQW�� 2YHUHVWLPDWLQJ� WKH� SRSXODWLRQ� ZDV� D� UHVXOW� RIXQGHUHVWLPDWLQJ�WKH�FDSWXUH�SUREDELOLW\��,W�LV�XQOLNHO\�WKDW�WKHUH�ZDV�XQHTXDO�YXOQHUDELOLW\�RI�ILVKWR�WKH�WUDS�EHFDXVH�WKDW�ZRXOG�KDYH�UHVXOWHG�LQ�DQ�RYHUHVWLPDWH�RI�WKH�FDSWXUH�SUREDELOLW\�DQG�DQXQGHUHVWLPDWH�RI� WKH�SRSXODWLRQ��:KLWH�HW�DO��������� ,W� LV�XQOLNHO\�WKDW�RXU�HVWLPDWHV�DUH�ELDVHGGXH�WR�XQHTXDO�YXOQHUDELOLW\�RI�ILVK�RI�GLIIHUHQW�VL]HV�
$Q�XQGHUHVWLPDWH�RI� WKH� FDSWXUH�SUREDELOLW\� FDQ�EH� FDXVHG�E\� LQFRPSOHWH� FKHFNLQJ� IRU�PDUNV�PLVVLQJ� PDUNV�� DQG�RU� GLIIHUHQWLDO� PRUWDOLW\� RI� PDUNHG� DQG� XQPDUNHG� ILVK� �5LFNHU� ������,QFRPSOHWH�FKHFNLQJ�IRU�PDUNV�LV�XVXDOO\�D�SUREOHP�ZKHQ�WKH�H[SHULPHQW�UHOLHV�RQ�FRPPHUFLDORU�VSRUW�ILVKHUPDQ�WR�UHSRUW�WDJV��3DXOLN��������+RZHYHU��LQ�WKLV�DSSOLFDWLRQ�WKH�ELDV�FDXVHG�E\LQFRPSOHWH� UHSRUWLQJ�RI�PDUNV�ZRXOG� EH� VLPLODU� WR� WKH� ELDV� UHVXOWLQJ� IURP� IDGHG� G\H� �L�H��� WDJORVV��RU� IURP�QRW�REVHUYLQJ�PDUNV�GXULQJ�KLJK� HPLJUDWLRQ�QLJKWV��/RVV�RI� WDJV� �RU�PDUNV�� LV� DFRPPRQ� SUREOHP� LQ� PDUN�UHFDSWXUH� VWXGLHV� DQG� LV� XVXDOO\� VROYHG� WKURXJK� PXOWLSOH� PDUNLQJV�+XEHUW�HW�DO��������6HEHU��������:KLOH�ZH�GLG�QRW�XVH�PXOWLSOH�PDUNV��ZH�ZHUH�DEOH�WR�REVHUYHWKH�YLVLELOLW\�RI�PDUNHG�ILVK�KHOG�GXULQJ�WKH�GHOD\HG�PRUWDOLW\�H[SHULPHQWV��1R�FRPPHQWV�ZHUHPDGH�E\�ILHOG�SHUVRQQHO�WKDW�ZRXOG�LQGLFDWH�WKDW�PDUNV�ZHUH�QRW�YLVLEOH��6HFRQGO\��ZH�IHOW�WKDW�LIPDUNV�ZHUH�PLVVHG�DW�WKH�WUDS��WKH\�ZRXOG�EH�PRUH�OLNHO\�WR�EH�PLVVHG�GXULQJ�KLJK�HPLJUDWLRQQLJKWV��7KHUH�ZDV�QR� FRUUHODWLRQ�EHWZHHQ� WUDS�FDWFK�DQG�PLVVHG�PDUNV�E\� VWUDWD�� KRZHYHU�� WKHODFN� RI� UHODWLRQVKLS� ZDV� FDXVHG� E\� WKUHH� REVHUYDWLRQV� �)LJXUH� ���� :H� GLG� QRW� NQRZ� KRZ� WRDFFRXQW�IRU�WKH�WKUHH�SRLQWV�FRQIRXQGLQJ�WKH�UHODWLRQVKLS�VR�ZH�GLG�QRW�UHPRYH�WKHP��:KLOH�ZHGLG�QRW�ILQG�D�UHODWLRQVKLS�EHWZHHQ�PLVVHG�PDUNV�DQG�WKH�QXPEHU�RI�ILVK�FRXQWHG�DW�WKH�ZHLU�RUWUDS�� ZH� GR� EHOLHYH� WKLV� WR� EH� D� VRXUFH� RI� HUURU�� DQG� WKDW� RWKHU� IDFWRUV� DGG� WR� WKLV� HUURUFRQIRXQGLQJ�WKH�UHODWLRQVKLS�
'LIIHUHQWLDO�PRUWDOLW\�ZDV�H[DPLQHG�LQ�VHYHUDO�GLIIHUHQW�ZD\V��)LUVW��LQ�������KDQGOLQJ�PRUWDOLW\H[SHULPHQWV� GHPRQVWUDWHG� QR� VLJQLILFDQW� GLIIHUHQFH� EHWZHHQ� PDUNHG� DQG� XQPDUNHG� VPROWV�7DEOH�����6HFRQG��ZH�FRUUHFWHG� IRU�GHOD\HG�PRUWDOLW\�E\�VXEWUDFWLQJ�PRUWDOLWLHV� IURP� WKH� WRWDOUHOHDVHV��7DEOH�����'HVSLWH�WKHVH�FRUUHFWLRQV�WKHUH�ZDV�VWLOO�D�ODUJH�QXPEHU�RI�PDUNHG�VPROWV�WKDWZHUH� QRW� DFFRXQWHG� IRU� DW� WKH� VPROW�ZHLU� �7DEOH� ���� 7KXV�� WKH� GHOD\HG� PRUWDOLW\� ZDVXQGHUHVWLPDWHG�RU�DQRWKHU�VRXUFH�RI�HUURU�H[LVWV�
:H� KDYH� QR� UHDVRQ� WR� EHOLHYH� WKDW� RXU� GHOD\HG�PRUWDOLW\� H[SHULPHQWV� ZHUH� IODZHG�� 7KH� RQO\RWKHU�SRVVLEOH�VRXUFH�RI�HUURU�LV�WKURXJK�GLIIHUHQWLDO�SUHGDWLRQ��3UHGDWLRQ�LV�GLIILFXOW�WR�HYDOXDWHEHFDXVH� LW� LV�GHSHQGHQW�RQ�PDQ\�GLIIHUHQW�YDULDEOHV��GHQVLW\�RI�SUHGDWRUV�DQG�VPROW�� DQG�VPROWPRYHPHQW��L�H���GD\WLPH�YHUVXV�QLJKW���3UHGDWLRQ�PDNHV�HVWLPDWLRQ�GLIILFXOW�EHFDXVH�LI�LW�LV�HTXDOEHWZHHQ�PDUNHG�DQG�XQPDUNHG�ILVK�WKHQ�LW�GRHVQ¶W�QHHG�WR�EH�FRQVLGHUHG�LQ�WKH�PRGHO��KRZHYHU�LI� SUHGDWLRQ� LV� XQHTXDO� EHWZHHQ� PDUNHG� DQG� XQPDUNHG� ILVK� WKDQ� LW� PD\� FDXVH� D� ELDV� LQ� WKHHVWLPDWH�
'HVSLWH� WKH�ELDVHV� LQ� WKH������DQG������ HVWLPDWHV�� ERWK� HVWLPDWHV�ZHUH� UHODWLYHO\� FORVH� WR� WKHDFWXDO� FRXQW�� .UHEV� ������� OLVWHG� IRXU� UHFRPPHQGDWLRQV� IRU� PDUN�UHFDSWXUH� H[SHULPHQWV�� ³��
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HYDOXDWH�\RXU�REMHFWLYHV�EHIRUH�VWDUWLQJ��DQG�GR�QRW�DVVXPH�WKDW�PDUN�UHFDSWXUH�PHWKRGV�DUH�WKHHDVLHVW� SDWK� WR� YDOLG� SRSXODWLRQ� HVWLPDWHV�� ��� SLFN� \RXU�PDUN�UHFDSWXUH�PHWKRG�EHIRUH� VWDUWLQJILHOG�ZRUN��DQG�EXLOG�LQWR�\RXU�VDPSOLQJ�SURJUDP�D�WHVW�RI�WKH�PRGHO¶V�DVVXPSWLRQV�����WUHDW�DOOSRSXODWLRQ�HVWLPDWHV�DQG�FRQILGHQFH�LQWHUYDOV�ZLWK�FDXWLRQ�DQG�UHFKHFN�\RXU�DVVXPSWLRQV�RIWHQ�DQG����LI�\RX�LGHQWLI\�VRXUFHV�RI�HUURU��UHFRJQL]H�WKDW�WKH�UHVXOWLQJ�HVWLPDWHV�DUH�ELDVHG��%LDVHGHVWLPDWHV�PD\�EH�EHWWHU�WKDQ�QR�HVWLPDWHV��EXW�\RX�VKRXOG�EH�FDUHIXO�WR�XVH�WKHVH�HVWLPDWHV�RQO\DV� LQGLFHV�RI�SRSXODWLRQ�VL]H�� ,I� WKH�ELDV� LV�FRQVLVWHQW�� \RXU�ELDVHG�HVWLPDWHV�PD\�EH� D� UHOLDEOHLQGLFDWRU�RI�FKDQJHV�LQ�WKH�SRSXODWLRQ´�

6800$5<�$1'�&21&/86,216

7KH� ����� FRQILGHQFH� LQWHUYDO� ������ RI� WKH� VPROW� SRSXODWLRQ� JHQHUDWHG� E\� WKH�PDUN�UHFDSWXUHH[SHULPHQW�ZDV�����KLJKHU�WKDQ�WKH�DFWXDO�VPROW�FRXQW��KRZHYHU��WKH������FRQILGHQFH�LQWHUYDORI�WKH�VPROW�SRSXODWLRQ�HVWLPDWH�FRQWDLQHG�WKH�DFWXDO�VPROW�FRXQW��3RLQW�HVWLPDWHV�IRU�ERWK�\HDUVZHUH� KLJK�� DQG� VLPLODU� VRXUFHV� RI� HUURU� OLNHO\� DIIHFWHG� ERWK� \HDUV�� 6RXUFHV� RI� HUURU� LQFOXGHGGHOD\HG�PRUWDOLW\��PLVVHG�PDUNV�DW�WKH�WUDS��SUHGDWLRQ��DQG�WKH�GHVLJQ�RI�WKH�WUDS��:H�HVWLPDWHGGHOD\HG�PRUWDOLW\� WKDW� RFFXUUHG�GXULQJ� WKH�PDUNLQJ� SURFHVV��:H� DOVR� HVWLPDWHG� WKH� QXPEHU� RIPDUNV� QRW� UHFDSWXUHG� WKURXJK� WKH� XVH� RI� D� VPROW�ZHLU�� EXW� LQ� D� QRUPDO� DSSOLFDWLRQ� RI� PDUN�UHFDSWXUH� H[SHULPHQW� WKLV� ZRXOG� EH� XQNQRZQ�� :H� ZHUH� XQDEOH� WR� HVWLPDWH� WDJ�ORVV� IURPSUHGDWLRQ��:H�ZHUH�DOVR�XQDEOH� WR�GHWHUPLQH�ZKDW�FDXVHG� WKH�GLIIHUHQFH� LQ�FDSWXUH�SUREDELOLW\EHWZHHQ������DQG������RWKHU�WKDQ�DWWULEXWLQJ�WKH�GLIIHUHQFH�WR�WKH�GHVLJQ�RI�WKH�WUDS�DQG�VPROW�ZHLU�
.0$� PDUN�UHFDSWXUH� SURMHFWV� XWLOL]H� VPROW� SRSXODWLRQ� HVWLPDWHV� WR� HVWLPDWH� VXUYLYDO� UDWHV�2IWHQ��VPROW�SURMHFWV�DUH�QRW�FRQWLQXHG�ORQJ�HQRXJK�IRU�WKHP�WR�EH�XVHG�DV�DSSURSULDWH�LQGLFHV�:KLOH�PRVW�.0$�VPROW�SURMHFWV�LQWHJUDWH�H[SHULPHQWV� WR�WHVW�VRPH�DVVXPSWLRQV��QRW�DOO�RI� WKHDVVXPSWLRQV�DUH�HYDOXDWHG�

*(1(5$/�5(&200(1'$7,216

��� 7KH� PRVW� DSSDUHQW� SUREOHP� ZLWK� H[LVWLQJ� PDUN�UHFDSWXUH� SURMHFWV� LV� WKH� DVVXPSWLRQ� WKDWPDUNLQJ� ILVK� GRHV� QRW� DIIHFW� WKHLU� FDWFKDELOLW\�� ([SHULPHQWV� WKDW� HYDOXDWH� WKLV� DVVXPSWLRQVKRXOG�EH�GHYHORSHG�
��� 'HOD\HG�PRUWDOLW\�FDQ�EH�D�VLJQLILFDQW�VRXUFH�RI�HUURU��([SHULPHQWV�VKRXOG�EH�VWDQGDUGL]HGDQG�HPSOR\HG�FRQVLVWHQWO\�
��� $�GLIIHUHQW� W\SH�RI�YDOLGDWLRQ�SURMHFW� VKRXOG� EH� FRQGXFWHG� RQ� D� ODUJH� V\VWHP� �H�J���.DUOXN5LYHU��EHFDXVH�GLIIHUHQW�DVVXPSWLRQV�PD\�EH�YLRODWHG��$�YDOLGDWLRQ�VWXG\�RQ�D�ODUJH�V\VWHPZLOO�OLNHO\�UHTXLUH�D�GLIIHUHQW�GHVLJQ��H�J���VRQDU��WKDQ�WKH�RQH�XVHG�DW�$NDOXUD�5LYHU�
��� 6PROW�SURMHFWV�LQFUHDVH�LQ�YDOXH�ZLWK�ORQJHU�WLPH�VHULHV�EHFDXVH�HVWLPDWHV�FDQ�EH�HYDOXDWHGDV�LQGLFHV�HYHQ�LI�FRQVLVWHQW�ELDVHV�H[LVW�
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%DUUHWW�� %�0��� 3�$�� 5RFKH�� DQG� &�2�� 6ZDQWRQ�� ����D�� 6RFNH\H� VDOPRQ� 2QFRUK\QFKXV� QHUNDVPROW�LQYHVWLJDWLRQV�DW�5HG��$NDOXUD��DQG�8SSHU�6WDWLRQ�/DNHV�FRQGXFWHG�LQ�UHVSRQVH�WRWKH������0�9�([[RQ�9DOGH]�RLO�VSLOO�������������$ODVND�'HSDUWPHQW�RI�)LVK�DQG�*DPH�'LYLVLRQ�RI�&RPPHUFLDO�)LVKHULHV��5HJLRQDO�,QIRUPDWLRQ�5HSRUW��.�����
%DUUHWW��%�0���&�2��6ZDQWRQ��DQG�3�$��1HOVRQ������E��6RFNH\H�VDOPRQ�VPROW�DEXQGDQFH��WLPLQJ�DQG� JURZWK� FKDUDFWHULVWLFV� IRU� 5HG�� $NDOXUD�� 8SSHU� 6WDWLRQ�� DQG� )UD]HU� /DNHV�� �����$ODVND� 'HSDUWPHQW� RI� )LVK� DQG� *DPH�� 'LYLVLRQ� RI� &RPPHUFLDO� )LVKHULHV�� 5HJLRQDO,QIRUPDWLRQ�5HSRUW��.������
%UHQQDQ�� .�� ������ .RGLDN� PDQDJHPHQW� DUHD� FRPPHUFLDO� VDOPRQ� DQQXDO� PDQDJHPHQW� UHSRUW�������$ODVND�'HSDUWPHQW�RI�)LVK�DQG�*DPH��'LYLVLRQ�RI�&RPPHUFLDO�)LVKHULHV��5HJLRQDO,QIRUPDWLRQ�5HSRUW�1R���.������
&DUOVRQ�� 6�5��� /�*�� &RJJLQV� -U��� &�2�� 6ZDQWRQ�� ������ $� VLPSOH� VWUDWLILHG� GHVLJQ� IRU� PDUN�UHFDSWXUH� HVWLPDWLRQ� RI� VDOPRQ� VPROW� DEXQGDQFH�� $ODVND� )LVKHULHV� 5HVHDUFK� %XOOHWLQ���������
&KDSPDQ��'�*��������6RPH�SURSHUWLHV�RI� WKH� K\SHUJHRPHWULF� GLVWULEXWLRQ�ZLWK� DSSOLFDWLRQV� WR]RRORJLFDO�FHQVXVHV��8QLYHUVLW\�RI�&DOLIRUQLD�3XEOLFDWLRQ�LQ�6WDWLVWLFV�����������
&RJJLQV��/�*��������6XPPDU\�GDWD�IURP�WKH������VRFNH\H�VDOPRQ�VPROW�LQYHVWLJDWLRQV�DW�5HG�$NDOXUD�� DQG� )UD]HU� /DNHV�� $ODVND� 'HSDUWPHQW� RI� )LVK� DQG� *DPH�� 'LYLVLRQ� RI&RPPHUFLDO�)LVKHULHV��5HJLRQDO�,QIRUPDWLRQ�5HSRUW�1R���.������
&RJJLQV��/�*��� -U�� DQG�1�+��6DJDONLQ�� ������$NDOXUD� /DNH� VRFNH\H� VDOPRQ� UHVWRUDWLRQ��([[RQ9DOGH]�2LO�6SLOO�5HVWRUDWLRQ�)LQDO�5HSRUW��6WXG\�,'�1R�������&/2���$ODVND�'HSDUWPHQWRI� )LVK� DQG� *DPH�� &RPPHUFLDO� )LVKHULHV� 0DQDJHPHQW� DQG� 'HYHORSPHQW� 'LYLVLRQ�.RGLDN��$.�
&RJJLQV��/�*��-U���DQG�1��+��6DJDONLQ��������$NDOXUD�/DNH�VRFNH\H�VDOPRQ�UHVWRUDWLRQ��$ODVND'HSDUWPHQW�RI�)LVK�DQG�*DPH��'LYLVLRQ�RI�&RPPHUFLDO�)LVKHULHV��5HJLRQDO�,QIRUPDWLRQ5HSRUW��.�������.RGLDN��$ODVND�
&RXVHQV�� 1�%�)��� *�$�� 7KRPDV�� &�*�� 6ZDQQ�� DQG� 0�&�� +HDO\�� ������ $� UHYLHZ� RI� VDOPRQHVFDSHPHQW�HVWLPDWLRQ� WHFKQLTXHV��&DQDGLDQ�7HFKQLFDO�5HSRUW�RI�)LVKHULHV�DQG�$TXDWLF6FLHQFHV�1R�������
&UDZIRUG�� '�/��� DQG� %�$�� &URVV�� ������ %ULVWRO� %D\� VRFNH\H� VDOPRQ� VPROW� VWXGLHV� IRU� �����$ODVND� 'HSDUWPHQW� RI� )LVK� DQG� *DPH�� 'LYLVLRQ� RI� &RPPHUFLDO� )LVKHULHV�� 7HFKQLFDO)LVKHU\�5HSRUW�1R��������
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'HPSVRQ��-�%��DQG�'�(��6WDQVEXU\��������8VLQJ�SDUWLDO�IHQFHV�DQG�D�WZR�VDPSOH�VWUDWLILHG�GHVLJQIRU�PDUN�UHFDSWXUH� HVWLPDWLRQ�RI�DQ�$WODQWLF� VDOPRQ� VPROW� SRSXODWLRQ��1RUWK�$PHULFDQ-RXUQDO�RI�)LVKHULHV�0DQDJHPHQW����������
'RZG\��6���DQG�6��:HDUGHQ��������6WDWLVWLFV�IRU�5HVHDUFK��-RKQ�:LOH\�DQG�6RQV��1HZ�<RUN�����SS�
'X%RLV��5�%���-�(��0LOOHU��DQG�6�'��3ODVWHU��������$Q�LQFOLQHG�VFUHHQ�VPROW�WUDS�ZLWK�DGMXVWDEOHVFUHHQ� IRU� KLJKO\� YDULDEOH� IORZV�� 1RUWK� $PHULFDQ� -RXUQDO� RI� )LVKHULHV� 0DQDJHPHQW�����������
*LQHW]��5�0�-��������$�UHYLHZ�RI�WKH�%DELQH�/DNH�GHYHORSPHQW�SURMHFW������������(QYLURQPHQW&DQDGD��)LVK�DQG�0DULQH�6HUY��7HFK��5HSW��6HUY��1R��3$F�7�����������S�
+RQQROG�� 6�*�� ������ 6XPPDU\� RI� K\GURDFRXVWLF� DQG� WRZQHWWLQJ� VXUYH\V� FRQGXFWHG� DW� 5HG�$NDOXUD��DQG�8SSHU�6WDWLRQ�/DNHV�LQ�UHVSRQVH�WR�WKH������([[RQ�9DOGH]�RLO�VSLOO������������$ODVND�'HSDUWPHQW�RI�)LVK�DQG�*DPH��)5('�'LYLVLRQ�5HSRUW�6HULHV������.RGLDN�
+RQQROG��6�*��������7KH�UHVXOWV�RI�VRFNH\H�VDOPRQ�2QFRUK\QFKXV�QHUND�VWRFNLQJ�LQWR�6SLULGRQ/DNH�RQ�WKH�.RGLDN�1DWLRQDO�:LOGOLIH�5HIXJH��MXYHQLOH�DQG�DGXOW�SURGXFWLRQ��FRPPHUFLDOKDUYHVW�� DQG� HFRV\VWHP� HIIHFWV�� ����������� $ODVND� 'HSDUWPHQW� RI� )LVK� DQG� *DPH�'LYLVLRQ�RI�&RPPHUFLDO�)LVKHULHV��5HJLRQDO�,QIRUPDWLRQ�5HSRUW��.�������.RGLDN�
+XEHUW��*�)���-U��6WRUP��*�/���3KLOOLSV��5�/���DQG�$QGUHZV��5�'��������(DU�WDJ�ORVV�LQ�UHG�IR[HV�-RXUQDO�RI�:LOGOLIH�0DQDJHPHQW������������
.HQQHQ�� -�*��� 6�-�� :LVQLHZVNL��� 1�+�� 5LQJOHU�� DQG� +�0�� +DZNLQV�� ������ $SSOLFDWLRQ� DQGPRGLILFDWLRQ�RI� DQ� DXJHU� WUDS� WR�TXDQWLI\� HPLJUDWLQJ� ILVKHV� LQ�/DNH�2QWDULR� WULEXWDULHV�1RUWK�$PHULFDQ�-RXUQDO�RI�)LVKHULHV�0DQDJHPHQW������������
.LQJ��%�(���/�.��%UDQQLDQ��DQG�.�(��7DUER[������D��.HQDL�5LYHU�VRFNH\H�VDOPRQ�VPROW�VWXGLHV�������$ODVND�'HSDUWPHQW�RI�)LVK�DQG�*DPH��'LYLVLRQ�RI�&RPPHUFLDO�)LVKHULHV��5HJLRQDO,QIRUPDWLRQ�5HSRUW��$�������$QFKRUDJH�
.LQJ��%�(���/�.��%UDQQLDQ��DQG�.�(��7DUER[������E��.HQDL�5LYHU�VRFNH\H�VDOPRQ�VPROW�VWXGLHV�������$ODVND�'HSDUWPHQW�RI�)LVK�DQG�*DPH��'LYLVLRQ�RI�&RPPHUFLDO�)LVKHULHV��5HJLRQDO,QIRUPDWLRQ�5HSRUW��$�������$QFKRUDJH�
.RHQLQJV�� -�3��� +�-�� *HLJHU�� DQG� -�-�� +DVEURXFN�� ������ 6PROW�WR�DGXOW� VXUYLYDO� SDWWHUQV� RIVRFNH\H�VDOPRQ��2QFRUK\QFKXV�QHUND�� ��HIIHFWV�RI�VPROW� OHQJWK�DQG�JHRJUDSKLF� ODWLWXGHZKHQ�HQWHULQJ�WKH�VHDV��&DQ��-��)LVK��$TXDW��6FL�������������
.UHEV��&�-��������(FRORJLFDO�0HWKRGRORJ\��+DUSHU�&ROOLQV�3XEOLVKHUV��1HZ�<RUN��1<�
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.\OH��*�%���-�3��.RHQLQJV��DQG�%�0��%DUUHWW��������'HQVLW\�GHSHQGHQW��WURSKLF�OHYHO�UHVSRQVHV�WRDQ� LQWURGXFHG� UXQ� RI� VRFNH\H� VDOPRQ� �2QFRUK\QFKXV� QHUND�� DW� )UD]HU� /DNH�� .RGLDN,VODQG��$ODVND��&DQ��-��)LVK��$TXDW��6FL�������������
0F&RQQHOO��5�-���DQG�6Q\GHU��*�5��������.H\�WR�ILHOG�DQG�LGHQWLILFDWLRQ�RI�DQDGURPRXV�MXYHQLOHVDOPRQLGV� LQ� WKH�3DFLILF�1RUWKZHVW��1DWLRQDO�2FHDQLF� DQG�$WPRVSKHULF�$GPLQLVWUDWLRQ7HFKQLFDO�5HSRUW��1DWLRQDO�0DULQH�)LVKHULHV�6HUYLFH�&LUFXODU������6HDWWOH�
0RRUH��$��� DQG�(�&�(��3RWWHU�� ������7KH�PRYHPHQW� RI�ZLOG� VHD� WURXW��6DOPR� WUXWWD� /��� VPROWVWKURXJK�D�ULYHU�HVWXDU\��)LVKHULHV�0DQDJHPHQW�DQG�(FRORJ\��������
3DXOLN��*�-��������(VWLPDWHV�RI�PRUWDOLW\�UDWHV�IURP�WDJ�UHFRYHULHV��%LRPHWULFV����������
3DXOXV��5���DQG�.��3DUNHU��������.YLFKDN�5LYHU�VRFNH\H�VDOPRQ�VPROW�VWXGLHV������������$ODVND'HSDUWPHQW�RI�)LVK�DQG�*DPH��'LYLVLRQ�RI�&RPPHUFLDO�)LVKHULHV�� ,QIRUPDWLRQDO�/HDIOHW1R�������-XQHDX��$ODVND�
5LFNHU��:�(�� ������&RPSXWDWLRQ� DQG� LQWHUSUHWDWLRQ� RI� ELRORJLFDO� VWDWLVWLFV� RI� ILVK� SRSXODWLRQV�%XOO��)LVK��5HV��%RDUG�&DQ�����������S�
6DJDONLQ��1�� ������ )UD]HU� /DNH� ILVK� SDVV� VRFNH\H� VDOPRQ� VPROW� DQG� DGXOW� UHVHDUFK�� ����� DQG������$ODVND�'HSDUWPHQW�RI�)LVK�DQG�*DPH��'LYLVLRQ�RI�&RPPHUFLDO�)LVKHULHV��5HJLRQDO,QIRUPDWLRQ�5HSRUW�1R���.������
6FKURI�� 6�7��� 6�*�� +RQQROG�� &�-�� +LFNV�� DQG� -�$�� :DGOH�� ������ $� VXPPDU\� RI� VDOPRQHQKDQFHPHQW��UHKDELOLWDWLRQ��HYDOXDWLRQ��DQG�PRQLWRULQJ�HIIRUWV�FRQGXFWHG�LQ�WKH�.RGLDN0DQDJHPHQW� $UHD� WKURXJK� ������ $ODVND� 'HSDUWPHQW� RI� )LVK� DQG� *DPH�� 'LYLVLRQ� RI&RPPHUFLDO�)LVKHULHV��5HJLRQDO�,QIRUPDWLRQ�5HSRUW�1R���.������
6HEHU�� *�$�)�� ������ 7KH� (VWLPDWLRQ� RI� $QLPDO� $EXQGDQFH� DQG� 5HODWHG� 3DUDPHWHUV�� &KDUOHV*ULIILQ�	�&RPSDQ\�/WG�
6HHOEDFK�� 3�:��� *�5�� $OH[DQGHU�� DQG� 5�1�� /RFNZRRG�� ������ $Q� LQFOLQHG�VFUHHQ� WUDS� IRUVDOPRQLGV�LQ�ODUJH�ULYHUV��0LFKLJDQ�'HSDUWPHQW�RI�1DWXUDO�5HVRXUFHV��)LVKHULHV�'LYLVLRQ�7HFKQLFDO�5HSRUW�������/DQVLQJ�
6ZDQWRQ�� &�2��� %�0�� %DUUHWW�� DQG� 3�$�� 1HOVRQ�� ������ 6RFNH\H� VPROW� SRSXODWLRQ� HVWLPDWHV�RXWPLJUDWLRQ�WLPLQJ��DQG�VL]H�DW�DJH�FKDUDFWHULVWLFV�IRU�5HG��$NDOXUD��DQG�)UD]HU�/DNHV������� $ODVND� 'HSDUWPHQW� RI� )LVK� DQG� *DPH�� &RPPHUFLDO� )LVKHULHV� 0DQDJHPHQW� DQG'HYHORSPHQW�'LYLVLRQ��5HJLRQDO�,QIRUPDWLRQ�5HSRUW��.�������.RGLDN�
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6ZDQWRQ�� &�2��� 3�$�� 1HOVRQ�� DQG� /�*�� &RJJLQV�� ������ 6RFNH\H� VPROW� SRSXODWLRQ� HVWLPDWHV�RXWPLJUDWLRQ� WLPLQJ�� DQ� VL]H� DW� DJH� FKDUDFWHULVWLFV� IRU�5HG��$NDOXUD�� DQG�)UD]HU� /DNHV�������$ODVND�'HSDUWPHQW�RI�)LVK�DQG�*DPH��'LYLVLRQ�RI�&RPPHUFLDO�)LVKHULHV��5HJLRQDO,QIRUPDWLRQ�5HSRUW���.�������.RGLDN�
7KHGLQJD��-�)���0�/��0XUSK\��6�:��-RKQVRQ��-�0��/RUHQ]��DQG�.�9��.RVNL��������'HWHUPLQDWLRQRI� VDOPRQLG� VPROW� \LHOG�ZLWK� URWDU\� VFUHZ� WUDSV� LQ� WKH� 6LWXN� 5LYHU�� $ODVND�� WR� SUHGLFWHIIHFWV� RI� JODFLDO� IORRGLQJ�� 1RUWK� $PHULFDQ� -RXUQDO� RI� )LVKHULHV�0DQDJHPHQW� �����������
7RGG�� *�/�� ������ $� OLJKWZHLJKW� LQFOLQHG� ±� SODQH� WUDS� IRU� VDPSOLQJ� VPROW� LQ� ULYHUV�� $ODVND'HSDUWPHQW�RI�)LVK�DQG�*DPH��$ODVND�)LVKHU\�5HVHDUFK�%XOOHWLQ��������������
:KDOHQ��.�*���'�/��3DUULVK�� DQG�6�'��0F&RUPLFN��������0LJUDWLRQ� WLPLQJ�RI�$WODQWLF� VDOPRQVPROWV�UHODWLYH�WR�HQYLURQPHQWDO�DQG�SK\VLRORJLFDO�IDFWRUV��7UDQVDFWLRQ�RI� WKH�$PHULFDQ)LVKHULHV�6RFLHW\�������������
:KLWH�� *�&��� $QGHUVRQ�� '�5��� %XUQKDP�� .�3��� DQG� 2WLV�� '�/�� ������ &DSWXUH�UHFDSWXUH� DQGUHPRYDO�PHWKRGV�IRU�VDPSOLQJ�FORVHG�SRSXODWLRQV��/RV�$ODPRV�1DWLRQDO�/DERUDWRU\��/$������1(53�
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Appendix A. Reviewer’s comments on the final report “Akalura Lake Sockeye Salmon
Restoration”, 97251-CLO.

-Continued-
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Appendix A. (page 2 of 4)

-Continued-
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Appendix A. (page 3 of 4)

-Continued-
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The Alaska Department of Fish and Game administers all programs and activities free from discrimination 
based on race, color, national origin, age, sex, religion, marital status, pregnancy, parenthood, or disability. 
The department administers all programs and activities in compliance with Title VI of the Civil Rights Act 
of 1964, Section 504 of the Rehabilitation Act of 1973, Title II of the Americans with Disabilities Act of 
1990, the Age Discrimination Act of 1975, and Title IX of the Education Amendments of 1972. 
  
If you believe you have been discriminated against in any program, activity, or facility, or if you desire 
further information please write to ADF&G, P.O. Box 25526, Juneau, AK 99802-5526; U.S. Fish and 
Wildlife Service, 4040 N. Fairfax Drive, Suite 300 Webb, Arlington, VA 22203 or O.E.O., U.S. 
Department of the Interior, Washington DC 20240. 
 
For information on alternative formats for this and other department publications, please contact the 
department ADA Coordinator at (voice) 907-465-6077, (TDD) 907-465-3646, or (FAX) 907-465-6078. 
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